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Abstract : The exploitation of iron ore deposit of Ouenza runs into serious difficulties related to landslides. Among the most
important events of sliding, we have those of the site "Zerga" including lands located above the ore body "north" of Zerga. The
overall area of the landslide is 40,000 m2. Instabilities of land are also manifested in other mine workings, thereby destroying
the natural and economic resources. Thus, issues of prevention are needed to secure the career staff and preserve the resources
and assets. Our goal is to determine the stability parameters of the quarry to allow the extraction of ore in good working
conditions. This allows us to have a topographic map that puts us in the problem and gives us valuable information to guide us in
our work to eliminate the slip
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1. Geographical context
The site "Zerga" is part of the deposit Ouenza. It is located about ten kilometers from the Tunisian border to the
extension of the Aures El Kef 70 km north of Tebessa, Figure 1.
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Figure 1 : geological situation of the massive Ouenza
"Zerga" in the form of a hill, known as EZ-Koudiat zerga, located immediately to the peak of the ESR Ouenza,
Chabet Es Sennguet between the north and the headwaters of the Wadi el-Jebel to the south . It stretches over an
area 700 m x 700 m.
2. Geological context
Land of the yard "Zerga" are formed of sedimentary rocks belonging to the Quaternary, the Miocene,
Cretaceous and Triassic, Figure 2. We'll see about the structures that are formed in the vicinity of
theorebody"Zerga" and area of landslides.
Figure 2: Geological Map of the massive Ouenza (Dubourdieu, 1956) and
location of the quarry
The Koudiat "Zerga is located SE of the peak Ouenza, Figure 3.
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Figure 3 : Structure de Koudiat « Zerga » (Dubourdieu), 1956)
a) Evolution dip in the NE-SW 2-3. Two hypotheses for the interpretation of "Zerga.
        b). Tithostrastigraphique Cup and subdivision Aptian limestones mineralized district "Zerga, 800 level.
It consists of a monocline massive Aptian limestones, some levels have been replaced by hematite iron ore, 3b.
Fluorite, barite and "copper gray"are also present in fractures.
Limestones Koudiat "Zerga" present dips often difficult to observe, their values are generally higher in the order of
700 to 800, Figure 3. Very straight and they are in fault contact with Triassic formation affected by recent
landslides. The fracture is represented by a major fault direction N90 staker, west contact Triassic-Aptian. Below
the career she brings up Albian marls that come in contact with limestone processed oxide ore (Rouvier 1990).
The ore body in the shape of a horseshoe consists of two bodies: bodies and body north south. At 733, they are
separated by a breccia zone (brown marl, limestone ore, marl and limestone). Towards the west these two bodies
come together. Upstream, there is a discontinuity between the structures above these two orebodies. South over the
body, we find marly limestone with heaps of gypsum that form a structure strong enough (listed stable career,
figure 4.
Figure 4: Side stable career (The main discontinuity is indicated by dotted lines).
North side of the discontinuity and north above the body, we find the marly formations (gray and
black marls) to moderate dip (about 350). These marls are covered by a thick mass of clay
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breccia average slope. These two formations are very soft and sensitive to the action of water
(unstable side of the quarry, Figure 5. Beyond the slip zone to the NW, we also find gray marls
with intercalated limestone beds (a few centimeters to several meters of limestone beds (a few
centimeters to several meters thick).
Limestone-marl alternations can be observed continuously until about the Powerhead of skip
(level 965). All these formations are limestone-marl probably Albian. Provision, on the whole
length observed (the orebody "Zerga" to skip the Powerhead) remains fairly stable management
is generally SW-NE, the dip being oriented toward the southeast. However, the dip tends to
increase from bottom to top (350 landslides in areas with 700 and more at the Powerhead)
Figure 5: Side unstable career (The shift is indicated by dotted lines).
So the rocks forming the subject to landslides are very varied, consisting mainly of low-strength rocks such
as marls, clayey marls, clays and other brecciated structure. At the ends tucked areas, there are
intercalations of gypsum and marl. The natural disposition of marl is highly unfavorable. It is sloped in the
same way as the slope of bleachers. More marls and clays have a brecciated structure extremely high
sensitivity to the action of water, thus reducing the strength properties of shear minimal values [1].
3. Hydrogeological context
      The various configurations of sliding behave as follows:
- The Triassic: The gypsum and salts give a brackish water. The Triassic behaves locally as a permeable
ground where groundwater flows.
- Marly series: It is waterproof promotes runoff or evaporation, except in the presence of interbedded
limestones. Intense cracking allows imbibition marls (zone of weakness).
For an average rainfall of 400 mm / year, receiving yards 16 104 m3 of water. By their shapes and mass
fracturing, they have a coefficient of infiltration extremely loud. After a rain almost all the water seems to
seep.
4. Geomechanical features of the site
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4.1. Cracking in rocks: The crack of the rocks is an important factor affecting the stability of rock
slopes, and on any other structure mining [2]. Cracking is characterized by different parameters, the most
important are [3]:
- The provision of cracking shots from the direction of the slope.
- The density of cracks;
- Openness and the nature of filling cracks;
- The roughness of the cracking planes.
Above the ore body "north" in the lower part of the main directions of fissures are SE-NW, with dips of 780 on
average, oriented SW (148/78), figure6. In addition, there is a third direction NE to SW with a dip of 530 SE
(44/53). These directions are also recognized in the marl and marl intercalated with limestone beds above the slides
until the driving head of the skip. Geomechanical point of view, we can consider all these lands, from the ore body
"north" to skip the drive head as a single structural unit.
Figure 6: Parameters orientation planes for cracks.
(A. Plans main crack)
In principle all the cracks in the marls are characterized by smooth planes, projections to be minimal.
The crack width varies greatly, from less than 0.1 mm to 10 cm and more. In most cases, the cracks are
filled with hematite mineralization, sometimes with gypsum, but the adhesion of filling cracks in walls is
very low, and the rock will split easily along the cracks. Much of the cracks is devoid of filler, especially at
low crack opening. These cracks properties have great influence on slope stability by reducing the shear
strength of solid and facilitating water infiltration. The density of cracks in the marl is very high, especially
for cracks oriented N1500-3300. In some areas, the crack density reaches 100 cracks on one meter (crude
schistosity).
4.2. Measuring the compressive strength of rocks in situ, it has been determined by the method of
the hammer to rebound. The method involves measuring the rate of rebound is an indicator of the hardness
of the rock tested. Measurements were made in accordance with the regulations of the "ISRM (International
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Society of Rock Mechanics). From the measured rate of bouncing on the spot, we estimate the compressive
strength, using an abacus empirical.
Measurements were made in the marl, limestone and gypsum. For marl, measurements are difficult
because of the extreme brittleness of these rocks. The rocks trot and completely lose their primary
resistance (especially on steep slopes exposed to weathering). The measurements were only possible on
fresh outcrops, or in the toughest parts of marl and / or less cracked.
The limestones have been examined in different places. Tests on gypsum were made on three sites
showing a significant difference between the resistances of different gypsum ranging from 27.0 to 63.7
MPa.
It should be noted that the tests were made on dry rocks. A wet, or completely saturated, resistance fall
a lot, especially those of marl (extremely sensitive to the action of water). At the saturated state, they lose
almost all their strength, this is very important for the stability of the land. The measurement results are, for
the marl, the average value Rc = 6.18 MPa, these limestones Rc = 90.2 MPa.
4.3. Measurement of sensitivity of rocks to the action of water: the rocks appear to be the most
sensitive clay slopes, including the final level of sensitivity is estimated to equal 0.1. The clays are
transformed entirely to mud, sometimes after a few tens of minutes.
It should be noted that during this sampling to the surface are very difficult due to a complete
alteration of marl. Sampling was done only on samples from the hardest parts of marls, so that the average
sensitivity of marl to the action of water is higher compared to test results. It must be estimated between 0.1
and 0.2.
For gypsum, the sensitivity rates ranged from 0.4 to 1.0 and is lower for the altered gypsum with marl
intercalations, while drywall is solid proof.
The limestones are strong, their rate sensitivity is equal to 1.0.
5. Chronology of the landslide site "Zerga.
For several years in the works of construction "Zerga, Figure 7, successive landslides occur, especially
in the area above the northern part of the orebody" Zerga. Landslides spread the 750m level at 852 million.
The area affected by the slip is located north of the axis of operations at the site and landslides extend
the ESE to WNW. The overall area of the landslide is 4 104 m2. The main shift is in the highest part and
abuts against a steep rise in local closed mineralized limestones (864.4 side). The lower part (bulge)
reaches the step on the 793m level. The southern boundary of the landslide is formed by a plane of tectonic
contact between the gray and yellow marls within the party slipped and land formed by interbedded marl-
limestone gypsum. These formations south of the slides are much more resistant against marls subject to
landslides.
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Figure 7: General view of the career (.... Part slipped -   sliding direction)
The northern boundary of the landslide is not as obvious as that of the south, it runs basically the access
path to the party Chagour (820m level) and to the east at 785m. This limit is also clearly a direction parallel
to the plane of contact of the ore body (north side) and sterile. On this side of slip, the terrain consists of
thick masses of clay with brecciated structures, including blocks of limestone and gypsum beds
intercalated. Grey marl, blackish forming part of the land has slipped very rugged structure. There is a very
dense cracking, whose main direction is south-east, north-west, with a strong dip of 70 ° to 88 ° to the
southwest. This orientation of the cracking is predominant, the cracks are visible over large distances (50 to
100m). Their number varies from less than 1 mm to more than 10 cm. In most cases, the cracks are filled
with hematite mineralization, sometimes gypsum.
The adhesion of filling the walls is low, and allows the rock to break off easily along the cracks. In
addition, there is a microcracking marls of the same orientation as the principal directions of cracking and
flaking in accordance with well-marked bedding planes. The upper part of the landslide has occurred in the
marl at low resistance, this is visible in the scarp of the landslide. Part of the collapsed rock is broken into
pieces of small dimensions (a few mm) turning into a sort of sand or gravel at irregular and angular grains.
In all areas affected by landslides, landslides of smaller dimensions have emerged in several places. There
is a multitude of cracks in fracture and partial subsidence of small shifts that mark an area extremely
unstable, which could be made active in rainy periods [5].
6. Estimate of the shear strength of the land
To calculate the stability of the ground, it was necessary to make certain assumptions, namely:
- The field is considered homogeneous;
- The diagram of the geometry of the land has undergone slippage relates to the state before the break;
- The fracture surfaces are unknown and the end points are always on the elements of the slide, including
the crown and foot;
- The critical conditions of shear failure relate to a state of saturation water mass, which corresponds to the
most adverse conditions to slope stability (maximum decrease of shear strength characteristics of massive
weight gain, even driving forces).
Despite the insufficient knowledge of the geological structures of the site and geomechanical properties of
rocks making up the ground operation, we can draw some information on the conditions determining the
slope stability. Importantly for this study, we have only geological and geomechanical observations made
on the surface of the quarry (after landslides have occurred).
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No survey identifying deep geological structures and lithological composition of the land is available.
Thus, mechanical properties, especially the shear strength of rocks have never been measured. Any time,
by analyzing the geometry of the landslides at different places in the site including the land located
upstream of the ore body "north", we propose that:
- The angles of slope failure exist before sliding are considered unstable;
- Angles that are formed on parts dragged (after slippage) are considered angles of equilibrium;
- The conditions under which the land begin to move relate to rainy periods (with more or less a lag
effect).
By analyzing the shifts according to their morphologies on various cuts, we determined the angle of inclination of
the slope before failure and the equilibrium angles said, that formed after the break, Table 1. Obviously, these angles
of slope stability relate to the most adverse conditions
that are associated with rainy periods with lots of water saturation. During dry periods, much higher inclinations can
ensure the stability of slopes of the quarry.
Table.1 : 	 
	 	 	
	  
	 	
N°  		 	 	
	 	 Angle 
	 	
1 797-854 - 24°32’
2 730-797 - 25°06’
3 768-797 29°32’ 24°08’
4 781-825 30°16’ 21°41’
5 799-825 56°06’ 26°33’
Ground stability along surfaces of shear failure is assured when all efforts to shear the solid
(effort engines) is lower than the forces of mass strength (resisting force). Slope stability for the
different profiles affected by the landslide, Figure 8, was determined by the pressure head
(water), using the program Petal (LCPC). The values used for stability calculations are:
- Cohesion 'C' = 10 kN/m2;
- Angle of internal friction ' Ø ': 22 ° <Ø <24 °;
- Density  = 20 KN / m3.
The shift will take place at the time the engines reach efforts, in absolute resistance efforts, the
safety factor will be equal to unity (critical equilibrium).
Boudiaf Mohamed and Chaib Rachid / Physics Procedia 21 (2011) 75 – 84 83
Figure 8: Slope stability affected by the sliding
7. Conclusion
Observations, surface measurements, the results of testing the mechanical properties and the analysis of all
data on the geological structures of construction and mining works allow us to draw conclusions about the main
causes that are the origin of the major shifts occurring on site Zerga.
Many factors act in a manner adversely affect the stability of the ground [6, 7], and the conjunction of all
these factors gave the shifts observed on site. Among the many root causes of landslides Zerga, it must be
emphasized: - The geological structure which is located above the ore body "north" of Zerga;
- A highly developed cracks in the marl;
- A strong sensitivity for both the clay loam for the brecciated action of water;
- A provision unfavorable marl, whose dip is consistent with the inclination of the slope of the quarry;
- Every configuration slope correspond a different evolution of phenomena related to the infiltration of rain.
Also note that:
-The influence of cracking can be viewed from two different aspects. On the one hand, such a cracking observed
in the marl (high density, poor adhesion to surface cracking) caused a significant decrease of resistance (especially
shear) and facilitates the breakdown of the solid under the influence of weight land and pore pressure [8], on the
other hand, the adverse effect of cracking facilitates the infiltration of precipitation at great depths so that large
volumes of rock are subjected to the action of water ;
- The action of water on the stability of the land also has a double effect. The first is the most important is the
decrease of mechanical properties of rocks and their resistance. We are dealing with rocks extremely sensitive to the
action of water. This effect plays a decisive role in the stability of the land. In rocks such as those forming part
slipped, resistance can be reduced by ten times compared to dry. Here lies the greatest danger to the deposits. Slopes
formed during dry periods have satisfactory stability was observed and no risk of slipping. During rainy periods, and
as and the infiltration of water in the basement, the balance of power is threatened until the destruction of the talus.
This process is not instantaneous, it develops over time, and sometimes requires several pluvial periods for slippage
occurs (delay effect) until the pore pressures reach their peak values [7, 8] since the rock structure that is less
permeable and drainage is through the cracks. During rainy periods, especially for a fast recharge, the cracks close
(very high sensitivity rate), which causes a rapid rise of pore pressure and consequently decrease the shear strength:
The rock yields and / or flows, expressed by the following equation.
Profile IIProfile  I
Profile III Profile VI
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The second effect of water precipitation stability is the increased weight of soaked fields [9, 10] and therefore the
driving forces tending to shear the rock structures, will increase and cause the breakdown of the solid [10].
8. Recommendations
Based on this analysis, we find that:
- The equilibrium angle is similar for all pools tested. It is 24 ° 32 '26 ° 33' except for case 4, where it is 21 ° 41 '.
This is explained by the presence of clay breccia extremely tender and sensitive to the action of water (probably a
fault);
- Landslides occurred in areas underlain by soft marl highly altered and fractured (equilibrium angles are almost
the same 24 ° 26 ');
- Over two orebodies Zerga (body and body north south), we have two different structures separated by a plane of
discontinuity (see Figure 3). South over the body, the lands are formed by limestone-marl intercalations. By Cutter,
north over the body, the edges of the career training appear very soft and friable, such as fissured marls and clays
breccia. The risk of spread and / or the emergence of other landslides are likely. Therefore, we recommend:
1. For slope stability achieved in similar fields, angles of inclination of the general slope, taking into account a
certain safety factor (0.9) are as follows:
- In alternating marls and cracked, Į = 22 °;
- In brecciated clays, Į = 20 °;
- In brecciated clays reinforced with blocks of limestone, Į = 24 °.
Obviously, these angles of slope stability relate to the most adverse conditions that are associated with rainy
periods and high water saturation fields.
2. For the future extraction of ore reserves of the ore body "North" (very rich in minerals), the operation will
require a shift in the bleachers and platforms of lower levels upstream, significantly increasing the inclination of the
slope General career (possibly with an economic calculation);
3. There must be more research (equipment needed) with regular monitoring of the evolution of sites (rainfall-
dependent slip of land)
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